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Abstract

Background: Four out of five patients with hypermobility spectrum disorder (HSD) or hypermobile Ehlers-Danlos
syndrome (hEDS) experience shoulder complaints including persistent pain and instability. Evidence suggests that
patients with HSD/hEDS who experience knee and back complaints improve with exercise-based therapy. However,
no study has focused on exercise-based treatment for the shoulder in this patient group. The potential benefits of
strengthening the shoulder muscles, such as increased muscle-tendon stiffness, may be effective for patients with
HSD/hEDS who often display decreased strength and increased shoulder laxity/instability.

The primary aim is to investigate the short-term effectiveness of a 16-week progressive heavy shoulder strengthening
programme and general advice (HEAVY) compared with low-load training and general advice (LIGHT), on self-reported
shoulder symptoms, function, and quality of life.
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epidemiologist.

future implementation.

Methods: A superiority, parallel group, randomised controlled trial will be conducted with 100 patients from primary
care with HSD/hEDS and shoulder complaints (persistent pain and/or instability) for more than 3 months. Participants
will be randomised to receive HEAVY (full range of motion, high load) or LIGHT (neutral to midrange of motion, low
load) strengthening programme three times weekly with exercises targeting scapular and rotator cuff muscles. HEAVY
will be supervised twice weekly, and LIGHT three times during the 16 weeks. The primary outcome will be between-
group difference in change from baseline to 16-week follow-up in the Western Ontario Shoulder Instability Index
(WOSI, 0-2100 better to worse). Secondary outcomes will include a range of self-reported outcomes covering
symptoms, function, and quality of life, besides clinical tests for shoulder strength, laxity/instability, and proprioception.
Outcome assessors will be blinded to group allocation. Participants will be kept blind to treatment allocation through
minimal information about the intervention content and hypotheses. Primary analyses will be performed by a blinded

Discussion: If effective, the current heavy shoulder strengthening programme will challenge the general understanding of
prescribing low-load exercise interventions for patients with HSD/hEDS and provide a new treatment strategy. The study will
address an important and severe condition using transparent, detailed, and high-quality methods to potentially support a
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Introduction

Background and rationale {6a}

Generalised joint hypermobility (GJH) is a hereditary
condition characterised by an increased ability to move
the joints beyond the normal range of motion. The
prevalence in the general population is up to 57%
depending on race, sex, and diagnostic criteria [1, 2].
Often, GJH is non-symptomatic and may be recognised
as an advantage in many activities, especially in sports
where high flexibility is required [3]. On the contrary,
GJH may be symptomatic with chronic/recurrent pain,
joint instability, musculoskeletal problems, fatigue, and
disability, meaning a decreased ability to participate in
daily activities, poor health-related quality of life, and in-
creased psychological problems [3-7]. Four out of five
people with GJH experience symptoms in the shoulder
joint [3, 8-10].

Hypermobility spectrum disorder (HSD) is a recently
defined group of conditions related to GJH, including one or
more secondary symptomatic musculoskeletal manifestations
[11]. The HSD criteria are similar to those of the rare genetic
connective tissue disorder, hypermobile Ehlers-Danlos syn-
drome (hEDS), but without fully meeting the new diagnostic
criteria for hEDS (e.g. signs of faulty connective tissue
throughout the body including skin features, hernias, pro-
lapses). Although patients with HSD/hEDS and shoulder
complaints can experience profound consequences in daily
living [4, 5], there is no gold standard treatment for this pa-
tient group. They often receive a non-standardised treatment
consisting of a combination of physiotherapy modalities in-
cluding low-dose exercise prescription based on limited evi-
dence [12, 13]. As suggested from few randomised
controlled trials (RCT) and uncontrolled studies without
long-term follow-up including unclear exercise descriptions,
patients with HSD/hEDS may improve with exercise-based
therapy. However, specific exercise types are not suggested
[12-15], and no study has focused on treatment of the shoul-
der in this patient group.

An important component of exercise interventions for
long-lasting shoulder complaints, such as rotator cuff
tendinopathy and anterior and multidirectional gleno-
humeral instability, is strength training aimed at
strengthening the scapular stabilising muscles and rota-
tor cuff muscles [16—18]. Mechanical loading is known
to increase muscle strength and tendon stiffness [19, 20],
which may be valuable for treatment of patients with
HSD/hEDS, as they often display general strength im-
pairments in the shoulder [21]. Therefore, the positive
effects of progressive heavy strength training, such as in-
creased muscle-tendon stiffness and improved physical
function, may benefit patients with HSD/hEDS.

Many clinicians hesitate to use heavy strengthening
exercise for patients with HSD/hEDS, due to uncertainty
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about patient safety, and because to date, there have not
been any RCTs that have investigated the effectiveness
of heavy strengthening exercise in adults with HSD/
hEDS and shoulder complaints. However, our recent
feasibility study on 12 patients regarding (i) patient
recruitment and retention, (ii) adherence to exercise
protocol, (iii) completion of testing protocol, and (iv)
number of adverse events showed that patients could
safely complete a 16-week progressive heavy shoulder
strengthening programme [22]. Moreover, there were
apparent clinical benefits in self-reported shoulder func-
tion and objective measurements, suggesting that pa-
tients with HSD/hEDS and shoulder complaints benefit
from a heavy strengthening programme. This justifies
the need for a thorough evaluation in an RCT.

Objectives {7}
Primary research question
The research question for this study is: “What is the
effectiveness of a 16-week progressive heavy shoulder
strengthening exercise programme and general advice
(HEAVY) compared with a low-load shoulder exercise
programme and general advice (LIGHT) (current stand-
ard care in Denmark) for improving self-reported shoul-
der function 16 weeks after baseline, measured by using
the Western Ontario Stability Index (WOSI), in patients
with HSD/hEDS and long-lasting shoulder complaints
(persistent pain or instability for more than 3 months)
seeking primary care?”

The research question was framed using the PICOT
model [23]:

— Population: patients with HSD/hEDS and long-
lasting shoulder complaints (persistent pain or in-
stability for more than 3 months)

— Intervention: heavy shoulder strengthening exercises
and general advice (HEAVY)

— Control: low-load shoulder exercises and general ad-
vice (LIGHT)

— Outcome: self-reported shoulder function using
WOSI

— Timeframe: primary endpoint 16 weeks after
baseline.

The study acronym is the shoulder hypermobility
exercise study (The Shoulder-MOBILEX study).

Primary objective

The primary objective is to investigate the between-group
difference in the change score of HEAVY versus LIGHT
on self-reported shoulder-related symptoms, function and
quality of life from baseline to the primary endpoint at 16-
week follow-up (short-term effectiveness).
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Primary research hypothesis

The primary hypothesis is that HEAVY is superior to
LIGHT in terms of reducing shoulder complaints,
including pain, as well as increasing self-reported shoul-
der function and quality of life. These effects will also
lead to a lower level of disability with potential for in-
creased participation in leisure time activities. Further-
more, it is hypothesised that HEAVY will increase
muscle strength and shoulder proprioception and de-
crease shoulder laxity more than LIGHT.

Secondary objectives

The secondary objectives are to assess the between-
group difference in the change score in HEAVY and
LIGHT from baseline to 12-month follow-up (long-term
effectiveness) on the same parameters as in the short-
term effectiveness and to report the clinical characteris-
tics of the participants at baseline and at 16-week and
12-month follow-up.

Trial design {8}

This study is an assessor-blinded, multicentre, rando-
mised, controlled superiority trial with a two-group paral-
lel design, comparing HEAVY with LIGHT (considered
standard care in Denmark) (Fig. 1). Participants will be
randomised with a 1:1 allocation ratio, without an option
to cross over. The primary endpoint will be the between-
group difference in change in self-reported shoulder func-
tion from baseline to 16-week follow-up.

This study protocol is based on the PREPARE Trial
guide [24] and the SPIRIT checklist [25]. The study report
will adhere to the CONSORT guidelines for reporting
parallel-group randomised trials. The interventions will be
reported according to the TIDieR template for interven-
tion description and replication [26] (Supplementary
file 1), the Consensus on Exercise Reporting Template
(CERT) [27] (Supplementary file 2), and a mechano-
biological description of the exercise programme [28].

Methods: participants, interventions, and
outcomes

Study setting {9}

This study is conducted in primary care within the
Region of Southern Denmark, representing a general
patient population in Denmark. Patients will be asked to
answer an online pre-screening questionnaire including
the five-part questionnaire (5PQ) [26] and questions
about shoulder symptoms through the web-based Re-
search Electronic Data Capture (REDCap) [27]. The
principal investigator will contact potentially eligible pa-
tients with shoulder symptoms for a physical screening
using the Beighton tests [29] to make a clinical diagnosis
of HSD/hEDS. A project manager at the University of
Southern Denmark is responsible for randomisation
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procedures and practical management of the project.
The baseline and follow-up assessments will be com-
pleted either at Esbjerg Municipality Rehabilitation
Centre, Esbjerg, Denmark, or at the Department of
Sports Science and Clinical Biomechanics, University of
Southern Denmark, Odense, Denmark, by one of four
blinded physiotherapists. The study interventions will be
delivered at a physiotherapy clinic close to the partici-
pants’ home by one of 23 treating physiotherapists, and
the project will cover all treatment expenses. Home-
based exercises will take place with no instructor and
outside the physiotherapy clinics (e.g. in the participant’s
home).

Eligibility criteria {10}

Patients with HSD/hEDS and shoulder complaints will
be included based on the following pre-defined eligibility
criteria.

Inclusion criteria
Males and females aged between 18 and 65 years
fulfilling the following inclusion criteria:

e Generalised HSD (G-HSD) defined using a Beighton
score cut off = 5/9 for females up to the age of 50
years, and > 4/9 for those > 50 years and all males
[29], or Historical HSD (H-HSD) if the Beighton
score is 1 point below the age and sex-specific cut
off and the 5PQ is positive (= 2/5 positive answers)
[30]. Although the shoulder is not assessed in the
Beighton score, being classified with GJH by using
the Beighton score builds on the assumption that all
joints, including the shoulder, are hypermobile.
Therefore, no additional tests for shoulder hypermo-
bility will be used as part of the inclusion criteria.

e One or more of the following self-reported (yes/no)
symptomatic musculoskeletal manifestations present
[11, 29]:

— Musculoskeletal pain in at least one shoulder for
at least 3 months.

— Recurrent joint dislocations or joint instability
without a reported history of trauma defined as
(a) a minimum of three atraumatic dislocations in
the same shoulder, (b) a minimum of two
atraumatic dislocations in two different joints (a
minimum of one in the shoulder) occurring at
different times, and/or (c) medical confirmation
of joint instability in at least two joints (a
minimum of one in the shoulder).

Exclusion criteria
Patients will be excluded if they fulfil any of the
following:
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ENROLMENT

Initial online screening

Excluded (n=...)
Not meeting eligibility criteria (n=...)

Declined to participate (n=...)
Other reasons (n=...)

Physical screening by primary investigator (n=...)

Excluded (n=...)
Not meeting eligibility criteria (n=...)

Declined to participate (n=...)
Other reasons (n=...)

Baseline testing by blinded outcome assessor (n=...)

ALLOCATION

Randomised (n=...)

Allocated to intervention (HEAVY) (n=...)
Declined to participate after allocation (n=...)
Receives allocated intervention (n=...)

Does not receive allocated intervention

Allocated to comparator (LIGHT) (n=...)
Declined to participate after allocation (n=...)
Receives allocated intervention (n=...)

Does not receive allocated intervention
(n=...) due to

(n=...) due to
|

16-WEEK
FOLLOW UP

Lost to follow up (n=...)
Discontinued intervention (n=...) due to
- Increase in pain (n=...)
- Increase in shoulder instability e.g.
subluxation/dislocations (n=...)
- Need for a second opinion (n=...)

Lost to follow up (n=...)
Discontinued intervention (n=...) due to
- Increase in pain (n=...)
- Increase in shoulder instability e.g.
subluxation/dislocations (n=...)
- Need for a second opinion (n=...)

ANALYSIS

Analysed (n=...)
Excluded from analysis (n=...)

Analysed (n=...)
Excluded from analysis (n=...)

52-WEEK
FOLLOW UP

Lost to follow up (n=...) due to
- Unable to reach (n=...)
- Declined to participate (n=...)

Lost to follow up (n=...) due to
- Unable to reach (n=...)
- Declined to participate (n=...)

ANALYSIS

Analysed (n=...)
Excluded from analysis (n=...)

Analysed (n=...)
Excluded from analysis (n=...)

Fig. 1 Participant flow chart

e Clinically suspected referred pain from the cervical

spine.

e Diagnosis of systemic inflammatory rheumatic
diseases, connective tissue diseases (e.g. Marfans,
Stickler’s or Loeys Dietz syndromes, EDS except
hEDS), and/or neurological diseases.

Pregnancy or childbirth within the past year or
planning to get pregnant during the study period,

because of increased levels of relaxin.
Shoulder surgery within the past year.

Steroid injection in the affected shoulder in the

previous 3 months.
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e Inability to speak or understand Danish.
e Inability to comply with the study protocol.
e Inability to provide informed consent.

Who will provide informed consent? {26a}

The patients will receive oral and written information
about the purpose of this study, the study process, and
potential risks and benefits. Patient information material,
the informed consent form, and a leaflet about patients’
rights in research projects will be delivered to the patient
by email from REDCap prior to the physical screening
and baseline testing to give the patients time to read,
understand, and carefully consider questions they want
answered before giving consent to participate. The
principal investigator will provide the oral information
and answer any questions of clarification regarding the
study. The rights of the participants will be protected, and
all patients will participate on a voluntary basis and be
informed that they can always withdraw from the study
without consequences for their subsequent treatment.
Voluntary written informed consent will be given to the
principal investigator before the physical screening and
before the baseline testing session.

Additional consent provisions for collection and use of
participant data and biological specimens {26b}
No ancillary studies are planned.

Interventions

Explanation for the choice of comparators {6b}

Despite the high prevalence of shoulder complaints in
patients with HSD/hEDS, there is no consensus about
which treatment should be offered. The rationale for
HEAVY is to target the active elements that are involved
in shoulder stability by impacting the cross-sectional
areas of the muscles and the voluntary activation of the
available muscle mass. Both factors would potentially in-
crease muscle strength after 16 weeks and thereby in-
crease the possibility of establishing active support of the
joint to compensate for the lack of passive joint stability
in this patient group. We will use an active comparator
based on current clinical recommendations, consisting
of joint protection advice, prescription of exercises with
low load, and education about the condition from the
physiotherapist [15, 31, 32]. An important reason for
using an active comparator is that we will include pa-
tients who have sought medical help by their own initia-
tive, which makes it unethical to offer them a placebo or
no treatment (e.g. wait and see), when current available
guidelines recommend an active exercise-based ap-
proach. Offering a placebo or no treatment may be a po-
tential barrier to study participation, because the
possibility of being allocated a placebo-only or no treat-
ment may be perceived as being less desirable than the
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intervention [33]. Comparing the intervention with an-
other exercise-based treatment, including relevant exer-
cises from previous studies [16—18], will lessen the
likelihood of overestimating the clinical effectiveness of
the intervention. However, the number of supervised
sessions will be much higher in the HEAVY group, po-
tentially introducing more contextual effects and
attention-bias that we cannot account for in this study.

Intervention description {11a}

Treating physiotherapists

The treating physiotherapists responsible for delivering
the interventions have undergone a 3-h practical and the-
oretical education programme, supported by an exercise
manual provided by the principal investigator (Supple-
mentary files 3 and 4). The same treating physiotherapists
will deliver exercise programmes for both groups, and
they will be instructed to treat all participants with the
same degree of rigour, enthusiasm and optimism. An en-
velope with exercise manuals for the participant and the
physiotherapist will be delivered to every participant to
prevent the treating physiotherapists from giving exercises
to the wrong group by mistake. The same physiotherapist
will supervise the participant through the intervention
period, and if needed due to absence, another physiother-
apist from the same physiotherapy clinic will take over. In
vacation periods, participants will be encouraged to exer-
cise on their own three times weekly, with adjustable
dumbbells provided by the project team to the HEAVY

group.

HEAVY (intervention)

Participants randomised to the intervention group will
receive 16 weeks of HEAVY, twice a week (individually
supervised) at a physiotherapy clinic (60 min for first
session, 30 min for following sessions) and once a week
(non-supervised) at home/self-selected location (Table 1,
Supplementary files 1-3). The exercise programme
includes five exercises for scapular and rotator cuff
muscles [16, 34] using custom-made adjustable 3D-
printed dumbbells (0-1000 g) and regular dumbbells (2—
15 kg): side lying external rotation (ER) in neutral, prone
horizontal abduction, prone ER at 90° of shoulder ab-
duction, supine scapular protraction, and seated shoul-
der elevation in the scapular plane. We use few and
basic exercises including simple movements of the
shoulder, because the participants have little experience
with heavy strengthening exercises, and because we want
to focus on the progression in the mechano-biological
parameters, i.e. high exercise intensity to achieve great
effect on muscle and tendon hypertrophy and strength.
At the first session, a 5-repetition maximum (RM) test
will be carried out to estimate the 10 RM using Brzycki’s
formula [35]. The first 3weeks consist of a
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Table 1 Mechano-biological description of the progressive heavy shoulder strengthening programme (HEAVY) [28]

Week Xi Xz X3 Xa Xs Xe Xy Xs Xo X1o X11 Xi2 Xi3

1 50% 10 RM 10 3 60s 3 per week 1 week 3 s shortening 0s 60s No Full ROM 48h Yes
0's isometric
35 lengthening

2 70% 10 RM 10 3 60s 3 per week 1 week 3's shortening 0s 60s No Full ROM 48h Yes
0's isometric
3's lengthening

3 90% 10 RM 10 3 60s 3 per week 1 week 35 shortening 0s 60s No Full ROM 48h Yes
0's isometric
3s lengthening

4 10 RM 10 3 60s 3 per week 6 weeks 3 s shortening 0s 60s Yes Full ROM 48h Yes
0's isometric
35 lengthening

10 8 RM 8 4 90s 3 per week 6 weeks 35 shortening 0s 48 Yes Full ROM 48h Yes
0's isometric
35 lengthening

16 70% 8 RM 8 4 905 3 per week 1 week 35 shortening 0s 48s No Full ROM 48h Yes
0's isometric

35 lengthening

X;, load magnitude, repetition maximum (RM); X5, number of repetitions; X3, number of sets; X, rest in-between sets; X5, number of sessions per week; X,
duration of the experimental period; X, fractional and temporal distribution of the contraction modes per repetition and duration of one repetition; X, rest in
between repetitions; Xy, time under tension (s); X;o, volitional muscular failure; X;;, range of motion (ROM); X;,, recovery time in between exercise sessions; X3,

predefined anatomical exercise form

familiarisation period progressing from three sets of a
load of 50% of 10 RM in week one, to 70% of 10 RM in
the second week and to 90% of 10 RM in the third week.
The following 6 weeks (weeks 4-9) will include three
sets of 10 RM, and from weeks 10-15, the training load
will be four sets of 8 RM [36, 37]. A tapering period will
be applied in week 16 to allow for the anabolic response
prior to follow-up testing. Each exercise session will con-
sist of 5min of warm up (performing the exercises
unloaded), and participants will receive education in
scapular correction and general advice on joint protec-
tion adapted by the Danish Rheumatism Association
[31] (Supplementary file 3).

LIGHT (comparator)
Participants randomised to LIGHT will receive 16 weeks
of home-based exercise to be performed in their own

home/self-selected location (Table 2, Supplementary
files 1-2, 4). Participants will receive a face-to-face indi-
vidual introduction to the exercises before initiating the
programme, and individual supervision at week 5 and
week 11, when they start with new exercises (30 min per
session). The exercise programme will include nine exer-
cises for scapular and rotator cuff muscles and tendons
[16-18]: phase 1 (isometric), posture correction; phase 2
(isometric), shoulder abduction, shoulder internal and
external rotation with 90° flexion at the elbow joint and
standing weight-bearing in the shoulders against a table;
and phase 3 (dynamic with resistance band), shoulder
abduction, shoulder internal and external rotation at 90°
flexion at the elbow joint, and four-point kneeling with
single arm raising. The first 4 weeks consist of the phase
1 exercise, with a set of 10 repetitions (10s hold per
repetition). The following 6 weeks (weeks 5-10) consist

Table 2 Mechano-biological description of the low load exercise programme (LIGHT) [28]

Week X, X X3 Xq Xs Xe X7 Xs Xo X0 Xn X1z X3
1 Isometric load 10 1 0s 3perweek 4weeks 10sisometric  0s 100s  No Neutral 48h  Yes
5 Isometric load 10 2 30s 3 perweek 6weeks 2-3sisometric 0s 20-30s No Neutral 48h  Yes
11 Isometric load 10 1 30s 3perweek 3weeks 2-3sisometric 0s 20-30s No Neutral 48h  Yes
11 Dynamic, light (yellow) resistance band 10 1 30s 3 per week 3weeks 3sshortening 0s 60s No Mid-range 48h Yes
0's isometric
35 lengthening
14 Dynamic, light (yellow) resistance band 10 2 30s 3 per week 3weeks 3sshortening 0s 60s No Mid-range 48h Yes

0's isometric
35 lengthening

X3, load magnitude; X,, number of repetitions; X3, number of sets; X, rest in-between sets; X5, number of sessions per week; Xs, duration of the experimental

period; X, fractional and temporal distribution of the contraction modes per repetition and duration of one repetition; X, rest in between repetitions; Xo, time
under tension; X;o, volitional muscular failure; X;;, range of motion; X;,, recovery time in between exercise sessions; X;3, predefined anatomical exercise form
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of isometric exercises from phase 2 with two sets of 10
repetitions (2-3s hold). In weeks 11-13, the exercises
will be a combination of phase 2 and phase 3 with one
set of 10 repetitions of exercises from each phase, and in
weeks 14-16, the exercises will be dynamic from phase
3 with two sets of 10 repetitions. Exercises will be per-
formed with or without a TheraBand resistance band
and the load will be managed by the participants in ac-
cordance with the written instructions. Participants will
receive the same instructions and education as partici-
pants randomised to HEAVY about scapular correction
and general advice on joint protection adapted by the
Danish Rheumatism Association [31] (Supplementary
file 4).

Criteria for discontinuing or modifying allocated
interventions {11b}

The exercise load will be continuously adjusted to the
increased or decreased capabilities of the participants:
for HEAVY, the load will increase whenever the
participant is able to complete more than the pre-
defined repetitions for all sets with acceptable symptoms
below 5/10 on a Numerical Pain Rating Scale (NPRS)
and good movement quality (defined as no glenohum-
eral subluxation and no increased or obvious scapula
dyskinesis [38] compared with unloaded movement). For
LIGHT, the progression will be applied by changing
from isometric to dynamic exercises during the 16-week
exercise programme, by increasing the intensity of the
pressure in isometric exercises and by adjusting the
length of the resistance band, while keeping acceptable
symptoms below 5/10 on the NPRS and maintaining
good movement quality. For both groups, the same
modification rules apply if participants experience symp-
toms or pain flares above the acceptable threshold: the
demands of the exercise will be reduced (i.e. load, range
of motion, sets and repetitions, number of weekly exer-
cise sessions, and by excluding provoking exercises), if
symptoms or pain experienced during the exercise ses-
sion persist for more than 2-3h, e.g. until the next day
or the next exercise session. The exercises will then be
performed at that level until the symptoms decrease
below the threshold of 5/10 on the NPRS. Thereafter, in-
creases in load will follow the progression as initially
planned. For participants with symptoms at rest above
5/10 at baseline, no increase in symptoms will be
allowed during exercise.

Strategies to improve adherence to interventions {11c}

In REDCap, a dashboard report will be created for both
groups to monitor whether the weekly email
questionnaire has been answered, as well as evaluating
exercise adherence in a question regarding number of
completed sessions. In case participants fail to attend a
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supervised exercise session, the treating physiotherapists
will contact them by phone to inform them about the
importance of adherence to the protocol. Further efforts
will be made to make sure that exercise sessions are
scheduled as convenient as possible for participants. If
participants fail to complete their exercise sessions for 2
consecutive weeks, they will receive an email with
follow-up questions about reasons for non-adherence.
Every week, the project manager will briefly look at an-
swers from the weekly questionnaire to make sure there
are no adverse events preventing the participants from
continuing the exercise programme, and if necessary,
she will encourage the participants to remember to per-
form their exercise sessions.

Relevant concomitant care permitted or prohibited
during the trial {11d}

Participants can take pain medication during the study and
continue with existing medical treatments as advised by their
general practitioner. Participants will be encouraged to limit
concomitant interventions for the shoulder such as manual
therapy and other physiotherapy treatments. However, if the
participant finds any supplementary treatment necessary to
be able to complete the current interventions (e.g. manual
treatment for exercise-induced headache), they will be en-
couraged to receive as few of those treatments as possible
and report these concomitant interventions on the weekly
questionnaire.

Provisions for post-trial care {30}

No post-trial care will be provided to the participants.
However, participants are not restricted from getting
other treatments after the 16-week intervention period.

Outcomes {12}

Primary outcome measure

The primary outcome is self-reported shoulder function
measured using the WOSI total score developed for pa-
tients with shoulder instability [39]. The main analysis
will be conducted for changes from baseline to 16-week
follow-up, reported as the difference in mean change be-
tween groups. The WOSI has 21 questions, each marked
on a scale from 0 to 100, with 0 being the best score (no
limitations related to the shoulder) and 100 representing
the worst score, with a total ranging from 0 to 2100
points [40]. It consists of four subscales: physical symp-
toms (10 questions; maximum score of 1000); sports/re-
creation/work (4 questions; maximum score 400);
lifestyle (4 questions; maximum score 400); and emotion
(3 questions; maximum score 300). The WOSI is re-
sponsive and sensitive to change as well as being a valid
questionnaire, with a high test-retest reliability [41]. A
Danish-validated digital version will be used [39].
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Secondary outcome measures

Relevant secondary condition-specific and generic self-
reported outcomes and objective measurements will be
used in this study (Fig. 2). For these outcomes, the main
analyses will be conducted for changes from baseline to
16-week follow-up, reported as the difference between
groups in mean change or difference in proportions for
continuous and dichotomous outcomes, respectively, un-
less indicated otherwise.

Secondary self-reported outcomes Data from each of
the four subscales (physical symptoms, sports/
recreation/work, lifestyle, and emotion) from the WOSI
questionnaire will be reported. Shoulder pain will be
measured using the NPRS with numbers from 0 to 10
(“no pain” to “extreme pain”) [42]. The worst, least, and
average pain level for the past week will be measured
every week. Pain intensity before and after each exercise
session will be measured [42]. Assessment of shoulder
symptoms other than pain (instability, subluxation,
laxity) will be measured in the same way as for shoulder
pain by the NRS from 0 to 10 (“no symptoms” to
“extreme symptoms”).

To evaluate whether a health condition impacts the
patient’s ability to perform activities they nominate as
important to them, the Patient-Specific Functional Scale
(PSFS) [43] will be used. At baseline, the participant is
asked to identify up to three important activities being
difficult or impossible to perform due to symptoms. The
participant provides a rating for each selected activity,
on an 11-point ordinal scale ranging from 0 (“unable to
perform activity”) to 10 (“able to perform activity at the
same level as before the injury or problem”). During
reassessments, the participant is prompted to re-rate the
same activities. The average of up to three specific activ-
ity scores is recorded, and the range of possible scores is
0-10. Higher scores indicate less impairment.

Assessment of fatigue will be performed with the
Checklist Individual Strength (CIS), the subscale of
fatigue, which has shown good reliability and validity. The
CIS subscale of fatigue consists of 8 items each scored on
a 7-point Likert scale (scores ranging from 8 to 56) with
high scores indicating high levels of fatigue [44].

To assess functional health status, the Dartmouth
Primary Care Cooperative Research Network/World
Organization of National Colleges, Academies and
Academic Associations of General Practitioners/Family
Physicians (COOP/WONCA) questionnaire will be used.
The questionnaire is a generic health status questionnaire
for general practice patients. The questionnaire consists of
six single-item measures: physical fitness, feelings (mental
well-being), daily activities, social activities, change in
health, and overall health. The categories chosen are
scored from 1 (good functional status) to 5 (poor
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functional status) with total scores ranging from 6 to 30
[45, 46].

Fear of movement is measured using the Tampa Scale
of Kinesiophobia-11 (TSK-11), which consists of an 11-
item scale where each question is scored on a 4-point
Likert scale, with 1 indicating “strongly disagree” and 4
indicating “strongly agree”. The total scores range from
11 to 44, with higher scores representing increased fear
of movement [47].

Health-related quality of life is measured with the
generic instrument European Quality of life-5
Dimensions-Five-Level Scale (EQ-5D-5L). It is a clas-
sification system that comprises five dimensions (mo-
bility, self-care, usual activities, pain/discomfort and
anxiety/depression), where each dimension is rated by
a five-level ordinal scale as follows: (1) no problems,
(2) slight problems, (3) moderate problems, (4) severe
problems, and (5) extreme problems [48]. This classi-
fication describes 243 unique health states that are
often represented as vectors. From population-based
studies, societal value sets have been derived and
when they are applied to the health state vectors, they
result in a preference-based index that ranges from
the state worse than death (<0), to 1 (full health),
with anchoring of death as 0. A score of 1 indicates
that the patients perceive their health at the best pos-
sible state and a score below O that the patients per-
ceive their health worse than death [48, 49]. In
addition, the EQ-5D includes an EQ-VAS scale where
the patient’s own health “today” is rated between 0
(worst imaginable health) and 100 (best imaginable
health). In patients with shoulder instability problems,
EQ-5D-5L has satisfactory psychometric properties
[49, 50].

To measure the patients’ self-reported impression of
important health changes, the Global Perceived Effect
(GPE) will be used on each of the four WOSI domains
(physical symptoms, sports/recreation/work, lifestyle,
and emotions). Patients will rate their experienced
change and importance on 7-point scales ranging from
“worse, an important worsening” to “better, an import-
ant improvement” [51, 52]. The main analysis is con-
ducted to compare the self-reported impression at 16-
week follow-up between groups.

Secondary objective outcomes Isometric shoulder
strength will be assessed by measuring maximum
isometric voluntary contraction in shoulder scaption,
internal rotation and external rotation using a handheld
dynamometer (IsoForce Dynamometer EVO2; Medical
Device Solution AG) [53, 54].

Active and passive shoulder range of motion in
internal and external rotation with the shoulder at 90° of
abduction [53, 55] and shoulder proprioception in
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STUDY PERIOD
Pre-allocation Allocation Post-allocation
Enrolment Baseline Week 0 Week 16 Week 52

Timepoint -t 7 0 4 t
ENROLMENT
Eligibility screening X
Informed consent X
Allocation X
INTERVENTION
Intervention ——
Comparator
ASSESSMENTS
Initial questionnaire and demographics X
IPAQ short version X
Anthropometry X X
End of treatment questionnaire X X
Primary outcome measure
‘WOSI total, 0-2100 X X X
Secondary self-reported outcomes
‘WOSI Physical symptoms, 0—1000 X X X
‘WOSI Sports/recreation/work, 0-400 X X X
WOSI Lifestyle, 0-400 X X X
WOSI Emotions, 0-300 X X X
Shoulder pain/symptoms last 7 days X X X

Lowest, 0-10 X X X

Highest, 0-10 X X X

Average, 0-10 X X X
Patient-Specific Functional Scale, 0-10 X X X
Checklist Individual Strength, 8-56 X X X
COOP/WONCA, 6-30 X X X
Tampa Scale of Kinesiophobia, 11-44 X X X
Global Perceived Effect, 1-7 X X
EQ-5D-5L, <0-1 X X X
EQ-VAS, 0-100
S dary objective out
Range of motion X X

Internal rotation passive, ° X X

Internal rotation active, ° X X

External rotation passive, ° X X

External rotation active, ° X X
Isometric shoulder strength X X

Scaption, Nm/kg X X

Internal rotation, Nmvkg X X

External rotation, Nm/kg X X
Proprioception in flexion X X

Low range, error () X X

Mid-range, error () X X
Shoulder instability and laxity tests

Shoulder flexion test, positive = yes X X

Shoulder rotation test, positive >180° X X

Apprehension test, positive = yes X X

Relocation test, positive = yes X X

Release test, positive = yes X X

Load and shift anterior, positive 2-3 X X

Load and shift posterior, positive 2-3 X X

Sulcus sign, positive >2 cm X X

Gagey, positive >105° X X

Rotés Querol, positive > 90" X X
Other outcome measures
Patient expectations, 1-7 X
Self-Efficacy Questionnaire, 0-60 X X X
Patient Acceptable Symptom State, yes/no X X
Treatment failure, yes/no X X
IPAQ, The International Physical Activity Questionnaire; WOSI, Western Ontario Shoulder Instability Index; COOP/WONCA,
Dartmouth Primary Care Cooperative Research Network/World Organization of National Colleges, Academies and Academic
Associations of General Practitioners/Family Physicians; EQ-5D-5L, The European Quality of life - 5 Dimensions - Five-Level;
EQ-VAS, The European Quality of life - Visual analogue scale.

Fig. 2 Time schedule of enrolment, interventions, assessments, and visits for participants

shoulder flexion angles (low-range and mid-range) [56,
57] are assessed using a HALO digital goniometer (Halo
Medical Devices, Subiaco, Australia).

Shoulder laxity, hypermobility, and instability will be
assessed using the anterior and posterior load and shift
[58], sulcus sign [58], Gagey [58], apprehension [58],
relocation [58], release [58], Rotés Querol [59], and
shoulder rotation and flexion [60] tests.

Other outcome measures

Participants will be evaluated on self-efficacy related to
symptoms, which can be defined as an individual’s confi-
dence to successfully produce desirable results related to
living with symptoms. The Self-Efficacy Questionnaire
has 10 items which are rated on a 7-point ordinal scale
(ranging from 0 “not at all confident”, to 6 “completely
confident”). The questionnaire is applicable to patients
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with persistent pain and covers a range of functions in-
cluding work, socialising, and household chores as well
as coping with pain without medication. The maximum
score is 60, and the higher the score, the higher the level
of self-confidence managing their symptoms [61].

Participant expectations of treatment effectiveness will
be evaluated by asking “How much do you expect your
shoulder problem to change as a result of physiotherapy
treatment?”, measured on a 7-point Likert scale ranging
from 1 “worse than ever” to 7 “complete recovery” [61].

The Patient Acceptable Symptom State (PASS) will be
used to evaluate patient satisfaction and consists of
simple global dichotomised questions about a patient’s
satisfaction of their state of symptoms and treatment
failure and is adapted from a previous knee study [62].
Participants will be asked: “When you think of your
shoulder function, will you consider your current
condition as satisfactory? By shoulder function, you
should consider your activities of daily living, sport and
recreational activities, your pain and other symptoms,
and your quality of life”, with the answer marked by
either “yes” or “no”. Participants who answer “no” will
be asked to complete the second single-item question,
relating to treatment failure: “Would you consider your
current state as being so unsatisfactory that you think
treatment has failed?”, with the answer marked by “yes”
or “no”.

Further, participants will be followed actively by a
weekly questionnaire delivered via email as a secure
online link with standardised questions about pain and
symptoms, amount and type of painkillers, days of being
sick or on sick-listing, concomitant treatment during the
past week, and potential adverse events.

Baseline participant characteristics

General demographic information will include age, sex, civil
status, educational level, employment, previous treatment,
pain medication, and disease history. Anthropometric
measurements include weight and height. To measure
physical activity level, the short version of the International
Physical Activity Questionnaires (IPAQ) will be used to
collect information on time spent in walking and physical
activity at moderate and vigorous intensity in four domains:
work, transportation, housework/gardening, and leisure time
[36, 37]. Participants will be asked to indicate the amount of
time spent in physical activity in the past 7 days in relation to
frequency (days) and duration (hours or minutes) of the
activities.

Participant timeline {13}
Participants will undergo a structured time schedule
including the intervention and assessments (Fig. 2).
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Sample size {14}

Sample size calculation is based on the between-group
difference in the mean change scores of WOSI total
from baseline to the 16-week follow-up. Based on previ-
ous studies on patients with HSD/hEDS, we expect a
mean baseline WOSI total of 1050 points [8, 22]. The
study will be powered to detect a between-group differ-
ence equal to or greater than a previously reported clin-
ically important change of 252 points [40, 63], with an
SD for change from baseline to the 16-week follow-up of
350 points [16, 22]. We expect both groups to experi-
ence a clinically relevant improvement, seen as a 48%
improvement in the HEAVY group (equal to 504 points
with an expected baseline mean score of 1050 points)
comparable with effects of previous interventions [16,
18, 22, 34, 64, 65] and 24% improvement in the LIGHT
group [18] (equal to 252 points with an expected base-
line mean score of 1050 points). With a two-sided sig-
nificance level of 0.05 and 90% power, a sample size of
42 per group is required to detect a statistically signifi-
cant difference. We decided to enrol 50 patients per
group to account for a conservatively estimated dropout
of 16% [16, 18]. If 100 patients are not included within
24 months (01 Apr 2019 to 31 Mar 2021), a stopping
rule will be applied as soon as a minimum of 76 patients
have been included, equal to a power of a minimum of
80%, including 16% dropout.

Recruitment {15}

Patients will be recruited from April 2019 to March 2021
by general practitioners from local medical clinics and
eight physiotherapy clinics in the cities of Odense,
Middelfart, and Esbjerg in Denmark. The general
practitioners and physiotherapists will receive information
about the project, the patient group, and the eligibility
criteria to be able to identify and administer the online
pre-screening questionnaire to potential patients with
HSD/hEDS and long-lasting shoulder complaints in their
clinics. All participants had a medical referral to physio-
therapy treatment. To achieve adequate enrolment, we
have included additional recruitment sites as was apparent
to be necessary during the feasibility study as well as social
media announcements, and the 2-year recruitment period
is anticipated to be adequate time to recruit the required
sample size.

Assignment of interventions: allocation

Sequence generation {16a}

The allocation sequence will be computer-generated
with permuted block randomisation, set up by a data
manager outside the project. Participants will be ran-
domly assigned to either HEAVY or LIGHT with a 1:1
allocation ratio.
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Concealment mechanism {16b}

Randomisation is performed automatically in REDCap by
the project manager. To ensure allocation concealment,
the principal investigator, outcome assessors, and project
manager will be blinded to block sizes and unaware of the
next assignment in the allocation sequence.

Implementation {16c}

All eligible patients who give consent for participation and
who fulfil the inclusion criteria will be appointed a time
for baseline testing. Immediately following the baseline
testing session, the project manager will complete the
randomisation and reveal the unique group allocation to
the patient. Randomisation will be conducted without any
influence of the principal investigators, outcome assessors,
or treating physiotherapists. The project manager will
contact the treating physiotherapist to make sure that all
practical aspects run smoothly, including appointment
bookings.

Assignment of interventions: blinding

Who will be blinded {17a}

The principal investigator and the four outcome
assessors will be kept blinded from group allocation.

The participants will be kept blind to treatment
allocation by being provided with minimal information
about the content of the two exercise interventions and
the study hypotheses; the participants will be informed
that the study compares two different exercise protocols
including safe exercises aimed at increasing the function
of the shoulder muscles, but they will not be told of the
direction of our hypothesis. During the follow-up test-
ing, participants will be encouraged not to disclose or
discuss with the outcome assessors what type of exer-
cises they have performed. The treating physiotherapists
responsible for delivering both interventions will not be
blinded to which treatment the participants have been
allocated to. The treating physiotherapists will be
blinded to baseline and follow-up testing results. All
pre-defined analyses will be performed by an epidemi-
ologist (EB) blinded to group allocation.

Procedure for unblinding if needed {17b}

As this study includes two exercise-based interventions
with clear modification guidelines related to the partici-
pants’ symptom response, emergency unblinding is not
relevant. Instead, in case of serious adverse events re-
ported by participants or treating physiotherapists, par-
ticipants will be referred to their general practitioner, as
is the normal procedure in Denmark, and encouraged by
the project manager to explain the type and intensity of
exercises they have performed.
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Data collection and management

Plans for assessment and collection of outcomes {18a}
Before starting data collection, the outcome assessors
will receive comprehensive education by the principal
investigator in the assessment protocol over two
sessions, to agree on standardised procedures for all
objective outcome measurements. For all participants,
data collection will be performed at baseline and at the
16-week follow-up on self-reported outcomes and ob-
jective measurements, and at the 12-month follow-up on
self-reported outcomes via email as a secure online link
(Fig. 2). Participants will complete the self-reported mea-
surements directly into REDCap, and outcome assessors
will enter the data in REDCap from their clinical tests
and objective examinations at completion of those as-
sessments. Data collection will be performed in an un-
disturbed room. At supervised exercise sessions, the
treating physiotherapists will register the data concern-
ing the exercise session (pain level, load, progressions,
repetitions, sets, adverse events, and pain level before
and after the session) in a printed exercise logbook, and
at home-based sessions, the participants will fill out the
exercise logbook. Data from the weekly questionnaire
are entered by the participants directly into REDCap. All
forms were designed by the Steering Committee.

Plans to promote participant retention and complete
follow-up {18b}

In REDCap, an automatic report has been created to
monitor whether the participants answer the weekly
questionnaire. For non-responders, an email reminder
will be sent out twice with a 1-day interval, and if not
answered on the third day, the project manager will con-
tact the participants by phone. Two weeks before the
planned 16-week follow-up testing, the project manager
will contact the outcome assessor and the participant to
make sure that an appointment has been scheduled. The
project manager will collect the exercise logbooks regu-
larly as participants complete the 16-week exercise
programme.

Data management {19}

REDCap will be the data collecting and storage system
to accomplish the legislative requirements about
management and safekeeping of data. A pre-defined
codebook is developed, and data will be entered directly
into REDCap with validation rules where relevant to ver-
ify data entered in a record that meets the specified stan-
dards. The principal investigator BL, together with BJK,
will have personal access to data by a confidential login
to REDCap. An epidemiologist will get access to pseudo-
anonymous data in SharePoint or OneDrive. In the
“cleaning” process of raw data in preparation for the
analysis, the “cleaning” procedures will be saved as a do-
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file (statistical commands) and data will be saved in a
new file to keep the raw data file available. In the process
of producing new variables, distribution characteristics
of the new variable will be scrutinised and compared
with the source and target variable to check for correct-
ness of calculations. A project logbook will be created to
be able to keep an overview of management procedures
for the data. During data cleaning, data will be checked
for duplicates, and summarised data and tabulated data
will be used to identify missing data, outliers, and errors.
A research assistant outside the project will type in data
from the exercise logbooks.

Confidentiality {27}

All personal information about potential and enrolled
patients will be collected and saved in REDCap, which
complies with international recommendations for
confidential data protection. Medical information about
participants in the study will be confidential, and
disclosure to third parties other than the Steering
Committee (BL, BJK, STS, JS, and KS) will be prohibited.
With the participant’s permission, medical information
may be shared with his or her personal general
practitioner or with other medical personnel responsible
for the participant’s care. Data will be de-identified when
exported from REDCap. When publishing data from this
study, the presentation format will not include names,
recognisable photos, personal information, or other data,
which may disclose the identity of participants. We will
also suppress cell sizes less than three.

Plans for collection, laboratory evaluation, and storage of
biological specimens for genetic or molecular analysis in
this trial/future use {33}

Not applicable, as no such samples will be collected.

Statistical methods

Statistical methods for primary and secondary outcomes
{20a}

The primary analysis will be performed at the primary
endpoint (end of the 16-week intervention period). We
will prepare a statistical analysis plan and make it pub-
licly available before any analyses commence [66], and
report data by using the “CONSORT 2010 statement:
updated guidelines for reporting parallel group rando-
mised trials” [67]. All primary analyses will follow the
intention-to-treat principle, i.e. all participants will be in-
cluded in the analysis according to the group to which
they were randomised, independent of compliance and
withdrawals.

A multivariable linear regression model will be applied
to assess the between-group difference in the change
from baseline to the 16-week follow-up. The model will
contain the primary outcome (change in WOSI total) as
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the dependent variable, and treatment group (HEAVY
or LIGHT) as the main effect, after adjusting for baseline
score, age, sex as covariates, and the clustering of
physiotherapy clinic. For continuous secondary out-
comes, a similar multivariable linear regression model
will be applied. For comparison of binary outcomes,
multivariable logistic regressions will be applied to esti-
mate between-group difference in proportions at the 16-
week follow-up, with outcomes as dependent variables,
and treatment group as the main effect, after adjusting
for baseline score, age, sex as covariates, and the cluster-
ing of physiotherapy clinic.

An alpha level of 0.05 (two-sided) will be considered
as being statistically significant. The epidemiologist will
be blinded to the allocated interventions for the analysis
of the primary outcome. Results for the primary
endpoint will undergo blinded interpretation presented
in an author consensus statement signed by all authors.
The consensus statement will present two versions of
the interpretation, first assuming that intervention A is
the intervention, and then assuming that intervention B
is the intervention [68]. This signed consensus statement
will be made publicly available prior to breaking the
randomisation code and revealing group allocation. This
is to reduce bias and promote transparency in the
interpretation of the current findings before any
publication procedures are initiated. We will use Stata
(StataCorp. 2019. Stata Statistical Software: Release 16.
College Station, TX: StataCorp LLC).

Interim analyses {21b}

Besides the stopping rule defined under the sample size
calculation, no other formal stopping guidelines or
interim analyses are planned.

Methods for additional analyses (e.g. subgroup analyses)
{20b}

The per-protocol population is defined as participants
who adhere to the protocol, defined by the following cri-
teria for both groups: did attend two thirds (67%) or more
of the 48 planned exercise sessions, both at supervised
clinical sessions and home-based sessions (documented by
the exercise logbook and weekly questionnaire); did not
stop the intervention during the 16-week intervention
period; and did not receive new, important interventions
other than the assigned treatment in the follow-up period
(e.g. no surgery, no steroid injection, or concomitant su-
pervised exercise-based treatment for the shoulder).

Methods in analysis to handle protocol non-adherence
and any statistical methods to handle missing data {20c}
In the intention-to-treat and per-protocol analyses, miss-
ing data at follow-up will be accounted for by using a
multiple imputation technique with age, sex, group
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allocation (masked), and baseline values as predictors.
For sensitivity purposes, missing data will be imputed
using a non-responder imputation, in which baseline
values are carried forward [65]. The rationale builds on
the assumption that participants who drop out will re-
turn to their baseline WOSI score [66].

Plans to give access to the full protocol, participant level
data, and statistical code {31c}

The full protocol is provided in this paper. Upon
publication of the planned research papers, we intend to
share the de-identified data for future research purposes
on reasonable request.

Oversight and monitoring

Composition of the coordinating centre and trial Steering
Committee {5d}

BL, BJK, STS, JS, and KS are members of the Steering
Committee and are responsible for taking decisions
about major changes needed once the study has been
initiated. We have no other committees involved in the
oversight of the RCT. The principal investigator, BL,
checks that recruitment is progressing as necessary and
trains the physiotherapists providing the exercise
interventions. The project manager checks the data
quality and completeness of the data on a weekly basis.

Composition of the data-monitoring committee, its role,
and reporting structure {21a}

The severity of adverse events is expected to be non-
critical, and the intervention is not considered a high-
risk intervention based on the feasibility study; therefore,
a data-monitoring committee will not be established.

Adverse event reporting and harms {22}

Adverse events will be defined as any unintended,
negative findings, symptom, or illnesses that occur
during the study assessments or interventions, whether
attributable to the project or not. Minor adverse events
cover symptom flare up, subluxations, and exercise-
induced fatigue. Serious adverse events are unexpected
but cover life-threatening events, disability, and perman-
ent damage [69]. Adverse events are recorded at every
exercise session in the exercise logbook and in the
weekly questionnaire. The treating physiotherapists are
familiar with the modification guidelines to reduce the
exercise load, if participants experience short-lasting
minor adverse events. Acute increase in shoulder symp-
toms, such as severe shoulder pain (e.g. 8 or higher on
the NPRS), including pain during rest or more shoulder
subluxations or dislocations than usual, will be reported
to the project manager by participants and/or treating
physiotherapists. As a safety precaution, if a medical
evaluation is indicated, the participants will be referred
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to their general practitioner, which is the normal pro-
cedure in Denmark. Serious adverse events will be re-
ported to the Regional Committee on Health Research
Ethics for Southern Denmark within 7 days after the
principal investigator or others from the Steering Com-
mittee have become aware of the incident without being
unblinded. Serious adverse events will be assessed by
health professionals outside the project for possible con-
nection with the assessment and/or intervention in the
project, but all adverse events will be reported irrespect-
ive of their relationship with assessment or intervention.
In case of acute injury during the project assessment or
intervention, the participants will be able to seek com-
pensation from The Danish Patient Compensations As-
sociation and/or by making a complaint to The National
Agency for Patients’ Rights and Complaints. We will re-
port both the number of patients experiencing minor ad-
verse events and serious adverse events as well as the
number of minor adverse events and serious adverse
events during the interventions.

Frequency and plans for auditing trial conduct {23}

The Regional Committees on Health Research Ethics are
annually selecting some studies for auditing. The audit
process is independent of investigators and sponsors.

Plans for communicating important protocol
amendments to relevant parties (e.g. trial participants,
ethics committees) {25}

Protocol modifications decided by the Steering Committee
will be reported to the Regional Committees on Health
Research Ethics for Southern Denmark and changes will be
added to the ClinicalTrials.gov protocol.

Dissemination plans {31a}

All results from the study—both positive, negative, and
inconclusive—will be published in relevant international
scientific peer-reviewed journals. The principal investiga-
tor will ensure publication, with authorship following
the guidelines of the International Committee of Med-
ical Journal Editors (ICMJE). Results will be presented at
relevant national and international conferences, and in
relevant patient associations, e.g. the Danish Rheuma-
tism Association and the Hypermobility Association.
Prior to publication, a statistical analysis plan will be
published online to ensure transparency and high-
quality dissemination. The results will be communicated
to participants and to the public in general through the
media and workshops.

Discussion

Shoulder complaints are very common in patients with
HSD/hEDS, yet current national and international
treatment guidelines are based on limited research.
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More recent systematic reviews have emphasised the
need for RCTs investigating the effectiveness of exercise-
based treatment in this patient group [12, 13]. The
Shoulder-MOBILEX study is the first high-quality multi-
centre RCT investigating the effectiveness of HEAVY
versus LIGHT—the latter considered standard care in
Denmark—in patients with HSD/hEDS and shoulder
complaints for more than 3 months. The intervention
aims at optimising the function of the muscle-tendon
unit in the shoulder to provide joint stability and protec-
tion, as this is hypothesised to decrease shoulder symp-
toms, increase function, and improve shoulder-related
quality of life in this patient group [19-21, 36]. Studies
of other shoulder conditions such as subacromial pain
syndrome [70], rotator cuff tendinopathy [17], multidir-
ectional instability [16], and traumatic anterior instability
[18] have shown promising results with exercise-based
treatment focusing on strengthening the scapular and
rotator cuff muscles, suggesting that it might also be ef-
fective in the current patient group. If the intervention is
found effective, it will potentially be a new treatment op-
tion for this patient group, and it can easily be imple-
mented in clinical practice and guide the development
of future clinical recommendations.

The research question raised in this study satisfies the
FINER criteria [71], as it is considered both feasible,
interesting, novel, ethical, and relevant. The study is
informed by a high-quality feasibility study that besides
finding the intervention, HEAVY, safe and feasible with
clinically relevant improvements in shoulder function
[22], showed that a few patients experienced adverse
events, which were acceptable short-lasting soreness or
pain flare-ups. The number of recruitment sites has been
increased, as deemed relevant by the feasibility data to
complete the RCT successfully. We challenge the gen-
eral understanding that heavy strengthening exercises
should be avoided in this patient group and provide a
potentially game-changing alternative to current care. By
giving each treatment arm an active exercise-based treat-
ment, where both groups are expected to improve, we
will ensure a high ethical standard of research and avoid
offering redundant treatments to the patients.

Strengths and limitations

The LIGHT exercise programme is developed as an
active comparator to cover the average exercise-based
standard treatment offered across physiotherapy
clinics in Danish primary care. Since there is huge
variation in treatment among clinics, we could poten-
tially be offering the participants a better or a worse
treatment than they would have received outside this
project. However, LIGHT is considered superior to
wait-and-see or no treatment. It is not within the
scope of this study to conduct cost-effectiveness
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analyses, which could support the most effective exer-
cise programme potentially being implemented, but it
could potentially be conducted at a later stage using
the national Danish registries.

The pragmatic approach of this study using broad
eligibility criteria, a consecutive sampling strategy,
standard care as the comparator, and patients recruited
from primary care will improve the generalisability of
the study results. The pre-registration at ClinicalTrials.-
gov and publication of this study protocol, including
intervention transparency and thoroughly described ex-
ercise protocols based on established frameworks, greatly
improve the overall quality of the current research study
and the potential for implementation.

COVID-19 pandemic

The COVID-19 pandemic will inevitably affect the com-
pletion of the RCT. The time period for the patient re-
cruitment stopping rule may have to be extended,
because recruitment into studies are banned during the
measures introduced to manage the pandemic. The
treating physiotherapists will be allowed to deliver the
intended supervision of exercises via phone and video
consultation to manage potential challenges with patient
motivation and adherence to the protocol due to quar-
antine or sickness, and to avoid unnecessary direct phys-
ical contact (social distancing). At the 16-week follow-
up, the self-reported outcomes, including the WOSI, will
be completed via email as a secure online link; the ob-
jective measurements will follow as soon as possible, as
advised by the Danish Health Authority, and additional
sensitivity analyses will be performed on these delayed
measurements.

Trial status
Protocol version

Issue date: 6 Apr 2020.

Protocol amendment 2

Author(s): BL.

Revision chronology

Version 1, 11 Mar 2019 Original.

Version 2, 22 Jul 2019 Amendment 1. Reason for
amendment: Steroid injection in the affected shoulder
within 3 months was added as an exclusion criterion to
make sure that the effect of the injection had worn off.

Version 3, 6 Apr 2020 Amendment 2. Reason for
amendment: Typographical error, expected dropout
changed from 20 to 16%. Rating scale for GPE specified.

Recruitment

Recruitment was initiated on 01 April 2019 and is
expected to be finalised on 31 March 2021, or when a
sample size of 100 patients has been achieved.
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